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Experimental 
 Materials and equipment 
The compounds I1, III2,3 and IV3 were prepared according to the literature 
procedures. All other chemicals and solvents were purchased from commercial 
sources and used without further purification. All 1H NMR and 13C NMR spectra 
were measured at 300 and 75.5 MHz, resSHFWLYHO\&KHPLFDOVKLIWVįZHUHFDOLEUDWHG
against residual solvent signals. UV-YLV DEVRUSWLRQ DQG HPLVVLRQ VSHFWUD ZHUH
recorded on a Perkin-(OPHU /DPEGD  VSHFWURPHWHU DQG D 3HUNLQ-Elmer 
Spectrophotometer LS50B. Melting points were performed and not corrected. HRMS 
GDWDZDVREWDLQHGZLWK(6,HOHFWURVSUD\LRQL]DWLRQPRGHPowder X-ray diffraction 
3;5'SDWWHUQVZHUHUHFRUGHGRQD672(VSHOOPDQQJHQHUDWRUW\SH')ZLWKD&X
anode. 
2.2. Synthesis of compound II 
$PL[WXUHRI-EURPREHQ]DOGHK\GHPJPPRO3G33K32Cl2 (10 mg, 0.015 
PPRO&X,PJPPROLQ(W31P/ZDVSXUJHGZLWK$UJRQIRUPLQ
To this mixture was dropwise added a solution of compound I PJPPRO
LQ 7+)  P/ XQGHU UHIOX[ 7KH UHVXOWLQJ VROXWLRQ ZDs refluxed for 3 h. After 
removing the solvents, the residue was poured into a silica gel column, eluting with 
gradients of n-hexane/CH2Cl2 IURP WR  WR REWDLQ II as a red solid (87 mg, 
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PS&-&1H-NMR (300 MHz, CDCl3į V+P
+P+P+WJ  +]+P+P
+ WJ  +]+ 13C-NMR (75.5 MHz, CDCl3 į 
          .6, 123.2, 

+506(6,m/z: [M]+ calcd for C53H62N23 
IRXQG 
2.3. Synthesis of Dye-1 
A mixture of compound II (80 mg, 0.PPRODQGF\DQRDFHWLFDFLGPJ
PPRODPPRQLXPDFHWDWH PJPPRODQGJODFLDODFHWLFDFLGP/ZDV
SXUJHGZLWK$UJRQIRUPLQDQG WKHQVWLUUHGDW& IRUK$IWHUFRROLQJ WR
room temperature, the mixture was poured into ice water and the resulting precipitate 
was filtered off, washed with water several times and dried under vacuum. A red solid 
ZDVREWDLQHGPJPS&-&1H-1050+]'062-d6, 
&į V+GJ  +]+G J  +]+
P+ P+ 13C-1050+]'062-d6&į 
+506(6,m/z: [M]+ 
calcd for C56H63N52 IRXQG 
2.4. Synthesis of Dye-2 
A mixture of compound IV PJPPRODQGF\DQRDFHWLFDFLG PJ
PPRO DPPRQLXP DFHWDWH PJ PPRO DQG JODFLDO DFHWLF DFLG P/
ZDVSXUJHGE\$U IRUPLQVDQG WKHQVWLUUHGDW&IRUK$IWHUFRROLQJ WR
room temperature, the mixture was poured into ice water and the resulting precipitate 
was filtered off, washed with water several times and dried under vacuum, a red solid 
ZDVREWDLQHGPJPS&-&1H-1050+]'062-d6, 
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&į V+GJ  +]+GJ  +]+W
J  +]+P+P+WJ  +]++506
(6,m/z: [M]+ calcd for C60HN626 IRXQG 
2.5. Cyclic voltammetry  
   &\FOLFYROWDPPHWU\ZDVFRQGXFWHGRQDQ$XWRODE3*67$7HOHFWURFKHPLFDO
DQDO\]HU $Q $J$J&O HOHFWURGH FRQWDLQLQJ 0 /L&O LQ HWKDQRO VHUYHG DV WKH
UHIHUHQFHHOHFWURGHZLWKDJODVV\FDUERQHOHFWURGHDV WKHFRXQWHUHOHFWURGHDQGD3W
disk as the working electrode. Cyclic voltammetric experiments were performed at 
room temperature under Argon in CHCl3 with 0.1 M n-Bu13)6 as a supporting 
electrolyte.  
2.6. Fabrication of DSSCs 
   (OHFWURGHV ZLWK  Pm transparent layer and 5 Pm scattering layer RI 7L22 were 
screen-printed on fluorine-GRSHGWLQR[LGH)72DVUHSRUWHGLQWKHOLWHUDWXUH5 After 
VLQWHULQJ DW & IRU  K DQG FRROLQJ WR URRP WHPSHUDWXUH WKH HOHFWURGHV ZHUH
treated with 33 mM TiCl VROXWLRQ DW & IRU  K 7KH ILOPV ZHUH VLQWHUed at 
& IRU  K DQG FRROHG WR &EHIRUH GLSSLQJ LQWRG\H VROXWLRQ P0G\H
ZLWKRUZLWKRXWP0FKHQRGHR[\FKROLFDFLGLQDPL[WXUHRI7+)DQGHWKDQRO
for 12 h. After the sensitization, the electrodes were rinsed with acetonitrile and dried 
LQDLU7KHFHOOVZHUHVHDOHGZLWKD6XUO\QILOPDQG3ODWLQL]HG)72FRXQWHUHOHFWURGH
7KHFRPSRVLWLRQRIHOHFWURO\WHRI WKLV VWXG\ LV0>&RES\3@>%&1]2, 0.05 M 
>&RES\3@>%&1]30/L27I0-tert-EXW\OS\ULGLQHLQDFHWRQLWULOH.  
Computational studies: All of the theoretical calculations were carried out within the 
GHQVLW\ IXQFWLRQDO WKHRU\ DSSURDFK E\ XVLQJ$ UHYLVLRQ RI*DXVVLDQ  SURJUDP
package6 ZLWK WKH&RXORPE$WWHQXDWHG0HWKRGV IRU'HQVLW\ )XQFWLRQDO 7KHRU\ E\
PHDQV RI WKH K\Erid functional B3LYP (CAM-%/<37 DQG WKH EDVLV VHW -31 + 
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*GS8 This method includes long range correction into the non-FRXORPE SDUW RI
exchange functional which gives a correct description of electron excitation and 
charge transfer. To reduce computatLRQDO FRVWV WKH DON\O JURXSV RI %') ZHUH
VXEVWLWXWHGE\PHWK\OJURXSV)LUVWZHRSWLPL]HGWKHJURXQG-state geometry of dye-1 
and dye-2 LQ7+)XVLQJWKH3&0PRGHOSRODUL]HGFRQWLQXXPPRGHO-12 with CAM-
B3LYP methods without any symmetry restriction. The REWDLQHGVWUXFWXUHVIRUdye-1 
and dye-2 DUHERWKSODQDUJLYLQJWRdye-2 a Ci V\PPHWU\2QFHWKHJHRPHWULHVZHUH
optimized, we performed excited state calculations using time-dependent CAM-
B3LYP Methods.  
 
 
Figure S1. Cyclic voltammograms of Dye-1 (1×10- 0EODFNOLQHDQGDye-2 (1×10- 
0UHGOLQHLQ&+&O3 (0.1 M Bu13)63W-GLVNZRUNLQJHOHFWURGHVFDQUDWH
mVs-1 
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Figure S2. (OHFWURQLFDEVRUSWLRQVSHFWUDRIDye-1 WRSDQGDye-2 ERWWRPLQ7+) 
solution, together with the calculated S0ЍSn transitions at the CAM-B3LYP /6-
*GS level of theory. 
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-H9           +202-1 (-H9+202-2 (-H9 
 
 
 
Figure S3. )URQWLHUPROHFXODURUELWDOVRIWKHS-conjugated skeletons of Dye-1. 
 
 
 
/802-H9                /802-H9            /802-
H9 
+202-H9   +202-1 (-H9   +202-2 
(-H9 
 
 
Figure S4. )URQWLHUPROHFXODURUELWDOVRIWKHS-conjugated skeletons of Dye-2. 
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Table S1. The vertical CAM-B3LYP calculated S0 o Sn transitions for Dye-1. 
 
State 
Excitation 
energy  
[cm-1] 
2VFLOODWRU 
strength 'RPLQDQWFRQWULEXWLRQV 
S1 22 750 1.32 Hĺ /+ĺ/+-1ĺ/ 
H-ĺ/ 
S2 27 211 1.38                       H-1ĺ/+ĺ/+-ĺ/ 
H-3ĺ/+-ĺ/+ĺ/ 
S3 30 358 0.38 Hĺ/+-ĺ/+ĺ/ 
H-ĺ/+-ĺ/+-ĺ/ 
S4  0.10 H-2ĺ/+ĺ/+-ĺ/ 
+ĺ/H-3ĺ/+-ĺ/ 
H-ĺ/ 
S5 35 012 0.05 H-3ĺ/+-ĺ/+-ĺ/ 
H-1ĺ/+-ĺ/+-ĺ/ 
S6  0.03 H-6ĺ/ H-6ĺ/+-ĺ/ 
H-ĺ/ 
S7 37 757  Hĺ/+ĺ/+-ĺ/ 
S8 38 260 0.22 H-1ĺ/+-ĺ/+ĺ/ 
 
 
Table S2. The vertical CAM-B3LYP calculated S0 o Sn transitions for Dye-2. 
 
State 
Excitation 
energy  
[cm-1] 
2VFLOODWRU 
strength 'RPLQDQWFRQWULEXWLRQV 
S1 21 753 1.71 Hĺ /+ĺ/+-1ĺ/  
H-ĺ/ 
S2   H-1ĺ /+-3ĺ/+-2ĺ/  
H-ĺ/ Hĺ/ +ĺ/ 
S5 33 288 0.08 Hĺ/ +ĺ/ H-1ĺ/ 
S7   H-ĺ /+-1ĺ/+-3ĺL+1 (16  
H-ĺ/ Hĺ/ +ĺ/ 
S9  0.08 H-6ĺ /+-5ĺ/+-1ĺ/  
H-ĺ/ 
S11   Hĺ /+ĺ/+-2ĺ/  
+ĺ/ Hĺ/ +ĺ/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Table S3 ;<=FRRUGLQDWHVDQGDEVROXWHHQHUJLHVRIDye-1 
 
                                                      X                          Y                             Z 
 C                 -2.60591900    1.20145800   -0.01160200 
 C                 -1.21322800    1.24896000   -0.01113400 
 C                 -0.34882100    0.15633900    0.00655000 
 C                 -1.00188800   -1.09160800    0.02357000 
 C                 -2.39551400   -1.13776300    0.02278200 
 C                 -3.25961600   -0.04655900    0.00435700 
 C                 -0.56237500   -2.47275900    0.03565400 
 C                 -1.72583000   -3.24391500    0.05619600 
 O                 -2.82035500   -2.44476800    0.03777500 
 C                  0.77529300   -2.91612400    0.00796500 
 N                  1.88845200   -3.24836100   -0.01727200 
 N                 -1.96241200   -4.55884900    0.11399700 
 C                 -3.30298600   -5.08590400   -0.12858600 
 H                 -4.05534300   -4.36367900    0.17814800 
 H                 -3.42767700   -5.99583900    0.45949800 
 C                 -0.85718300   -5.50511100    0.04289200 
 H                 -1.21892500   -6.47536800    0.38203200 
 H                 -0.04476000   -5.19732700    0.69943100 
 C                 -3.04616000    2.58402100   -0.02301700 
 C                 -1.88383900    3.35471500   -0.04444300 
 O                 -0.78846700    2.55473600   -0.02656900 
 N                 -1.64460200    4.67011800   -0.10401900 
 C                 -0.30514500    5.19442600    0.14965400 
 H                 -0.17802700    6.11014100   -0.42884300 
 H                  0.44854800    4.47549200   -0.16165900 
 C                 -2.74864800    5.61753000   -0.03312900 
 H                 -3.56110300    5.31043600   -0.68991100 
 H                 -2.38574000    6.58741100   -0.37224400 
 C                  1.06219300    0.30513100    0.00558300 
 C                  2.26716000    0.41791400    0.00441600 
 C                 -4.38301700    3.03023700    0.00794400 
 N                 -5.49363700    3.37056500    0.03619300 
 C                 -4.67154200   -0.19831500    0.00158300 
 C                 -5.87540800   -0.32097600   -0.00230600 
 C                 -7.30217100   -0.41162300   -0.00666800 
 C                 -7.94099300   -1.65997000    0.00228800 
 C                 -8.07367000    0.76040100   -0.02008400 
 C                 -9.32840500   -1.73178600   -0.00237000 
 H                 -7.34404300   -2.56560300    0.01287400 
 C                 -9.46066200    0.67742500   -0.02487300 
 H                 -7.57440400    1.72368800   -0.02621600 
 C                -10.09109900   -0.56538600   -0.01605000 
 H                 -9.81629200   -2.70101000    0.00470500 
 H                -10.05205500    1.58720500   -0.03531900 
 H                -11.17462400   -0.62517400   -0.01966200 
 C                  3.69063000    0.49246600    0.00165900 
 C                  4.34719000    1.73163400   -0.00262600 
 C                  4.45067600   -0.68981900    0.00253700 
 C                  5.72937200    1.77930500   -0.00606800 
 H                  3.76790300    2.64782000   -0.00341600 
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 C                  5.83260600   -0.63441300   -0.00076700 
 H                  3.94066200   -1.64702700    0.00528000 
 C                  6.50067300    0.60326000   -0.00520100 
 H                  6.22924600    2.74276100   -0.00955800 
 H                  6.38757700   -1.56276500   -0.00015500 
 C                  7.94227900    0.77282600   -0.00939400 
 C                  8.96382400   -0.11742500   -0.00955900 
 H                  8.27843400    1.80675500   -0.01314100 
 C                  8.81514800   -1.53878000   -0.00504300 
 N                  8.70679100   -2.69176900   -0.00138100 
 C                 10.34973300    0.42283900   -0.01481100 
 O                 10.62422800    1.60466900   -0.01905400 
 O                 11.27535800   -0.54313500   -0.01433500 
 H                 12.15456100   -0.12904000   -0.01789900 
 H                 -0.16689100    5.42238000    1.21282500 
 H                 -3.13006000    5.72037300    0.98891300 
 H                 -3.44477700   -5.32422200   -1.18888600 
 H                 -0.47641300   -5.60726300   -0.97935400 
 
( - XDȝ 'HE\H 
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Table S4 ;<=FRRUGLQDWHVDQGDEVROXWHHQHUJLHVRIDye-2 
 
                                                      X                          Y                            Z 
 C                 -0.66286000   -1.23332400   -0.00380900 
 C                  0.72611900   -1.11728000   -0.01710200 
 C                  1.45593300    0.06888100   -0.01589200 
 C                  0.66286000    1.23332400    0.00380900 
 C                 -0.72611900    1.11728000    0.01710200 
 C                 -1.45593300   -0.06888100    0.01589200 
 C                  0.93907300    2.65616800    0.02164500 
 C                 -0.30640300    3.28675900    0.02977300 
 O                 -1.30045100    2.36428700    0.03734500 
 C                  2.21634400    3.25155300    0.04682900 
 N                  3.28374100    3.71017300    0.06855800 
 N                 -0.69512200    4.56543100    0.00773100 
 C                 -2.08880300    4.92556800    0.25786200 
 H                 -2.75136500    4.13173200   -0.07768400 
 H                 -2.31608900    5.83355900   -0.30171200 
 C                  0.29357300    5.63122400    0.10381100 
 H                  1.12364900    5.44839000   -0.57723200 
 C                 -0.93907300   -2.65616800   -0.02164500 
 C                  0.30640300   -3.28675900   -0.02977300 
 O                  1.30045100   -2.36428700   -0.03734500 
 N                  0.69512200   -4.56543100   -0.00773100 
 C                  2.08880300   -4.92556800   -0.25786200 
 H                  2.31608900   -5.83355900    0.30171200 
 H                  2.75136500   -4.13173200    0.07768400 
 C                 -0.29357300   -5.63122400   -0.10381100 
 H                 -1.12364900   -5.44839000    0.57723200 
 H                  0.18538600   -6.56537800    0.18722300 
 C                  2.87453900    0.08529800   -0.03393600 
 C                  4.08417000    0.11340800   -0.05044600 
 C                 -2.21634400   -3.25155300   -0.04682900 
 N                 -3.28374100   -3.71017300   -0.06855800 
 C                 -2.87453900   -0.08529800    0.03393600 
 C                 -4.08417000   -0.11340800    0.05044600 
 C                 -5.50659100   -0.20645600    0.06887700 
 C                 -6.30278300    0.94966700    0.10739400 
 C                 -6.12383600   -1.46631100    0.04865000 
 C                 -7.68211700    0.85379200    0.12541800 
 H                 -5.82864200    1.92440000    0.12338400 
 C                 -7.50429100   -1.55430600    0.06698700 
 H                 -5.51145800   -2.36088800    0.01868400 
 C                 -8.31160500   -0.40349900    0.10531300 
 H                 -8.26419300    1.76445400    0.15557400 
 H                 -7.97377800   -2.53283800    0.05118100 
 C                  5.50659100    0.20645600   -0.06887700 
 C                  6.30278300   -0.94966700   -0.10739400 
 C                  6.12383600    1.46631100   -0.04865000 
 C                  7.68211700   -0.85379200   -0.12541800 
 H                  5.82864200   -1.92440000   -0.12338400 
 C                  7.50429100    1.55430600   -0.06698700 
 H                  5.51145800    2.36088800   -0.01868400 
 C                  8.31160500    0.40349900   -0.10531300 
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 H                  8.26419300   -1.76445400   -0.15557400 
 H                  7.97377800    2.53283800   -0.05118100 
 C                  9.74899600    0.61916300   -0.12166000 
 C                 10.79287200   -0.24533400   -0.15285700 
 H                 10.04001500    1.66481000   -0.10594300 
 C                 10.67380900   -1.67129600   -0.17746100 
 N                 10.58813600   -2.82555700   -0.19751000 
 C                 12.19719100    0.23673000   -0.16391800 
 O                 13.15995300   -0.50113900   -0.19045300 
 O                 12.30382200    1.57204800   -0.14176200 
 H                 13.24794700    1.80018500   -0.15043000 
 C                 -9.74899600   -0.61916300    0.12166000 
 H                -10.04001500   -1.66481000    0.10594300 
 C                -10.79287200    0.24533400    0.15285700 
 C                -10.67380900    1.67129600    0.17746100 
 N                -10.58813600    2.82555700    0.19751000 
 C                -12.19719100   -0.23673000    0.16391800 
 O                -13.15995300    0.50113900    0.19045300 
 O                -12.30382200   -1.57204800    0.14176200 
 H                -13.24794700   -1.80018500    0.15043000 
 H                  2.26111600   -5.11094300   -1.32406400 
 H                 -0.67913500   -5.73462200   -1.12400200 
 H                 -0.18538600    6.56537800   -0.18722300 
 H                  0.67913500    5.73462200    1.12400200 
 H                 -2.26111600    5.11094300    1.32406400 
 
( -XDȝ  'HE\HCi Symmetry 
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Figure S5. UV-Vis spectra of Dye-1UHG DQGDye-2 EODFN DGVRUEHGRQ WKH7L22 
film. 
 
 
Figure S6. PXRD patterns of Dye-1EOXHFXUYH and Dye-2 (red FXUYH. 
 
References: 
1 H. Li, J. Ding, S. Chen, C. Beyer, S.-X. Liu, H.-A. Wagenknecht, A. Hauser and S. 
Decurtins, Chem. Eur. J. 2013, 19 
12
ht
tp
://
do
c.
re
ro
.c
h
2 S. Keller, C. Yi, C. Li, S.-; /LX & %OXP * )UHL 2 6HUHGD $ 1HHOV 7
Wandlowski and S. Decurtins, Org. Biomol. Chem. 2011, 9 
3 C. Yi, C. Blum, M. Lehmann, S. Keller, S.-;/LX*)UHL$1HHOV-+DXVHU6
Schuerch and S. Decurtins, J. Org. Chem. 2010, 75, 3350. 
+/L&6FKXEHUW32'UDO5'&RVWD$/D5RVD-7KULQJ6-X. Liu, C. Yi, 
6 )LOLSSRQH10DUWtQ 6'HFXUWLQV 7&ODUN DQG'0*XOGL&KHP3K\V&KHP
'2,FSKF 
5 +17VDR3&RPWH&<<L0*UDHW]HOChemPhysChem  2012, 13,  
6 Gaussian 09, Revision A.02, 0 - )ULVFK *: 7UXFNV + % 6FKOHJHO * (
6FXVHULD0$5REE-5&KHHVHPDQ *6FDOPDQL9%DURQH%0HQQXFFL*$
3HWHUVVRQ + 1DNDWVXML 0 &DULFDWR ; /L + 3 +UDWFKLDQ $ ) ,]PD\ORY -
%ORLQR*=KHQJ -/6RQQHQEHUJ0+DGD0(KDUD.7R\RWD5)XNXGD -
+DVHJDZD0,VKLGD71DNDMLPD<+RQGD2.LWDo, H. Nakai, T. Vreven, J. A. 
0RQWJRPHU\-U-(3HUDOWD)2JOLDUR0%HDUSDUN--+H\G(%URWKHUV.1
.XGLQ916WDURYHURY5.RED\DVKL-1RUPDQG.5DJKDYDFKDUL$5HQGHOO-
C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. 
.QR[-%&URVV9%DNNHQ&$GDPR--DUDPLOOR5*RPSHUWV5(6WUDWPDQQ
2<D]\HY$ -$XVWLQ5&DPPL& 3RPHOOL -:2FKWHUVNL5/0DUWLQ.
0RURNXPD9*=DNU]HZVNL*$9RWK36DOYDGRU--'DQQHQEHUJ6'DSSULFK
$''DQLHOVg)DUNDV-%)RUHVPDQ-92UWL]-&LRVORZVNLDQG'-)R[
*DXVVLDQ,QF:DOOLQJIRUG&7 
7 T. Yanai, D. P. Tew and N. C. Handy, Chem. Phys. Lett. , 393, 51. 
8 C. Lee, W. Yang and 5*3DUUPhys. Rev. B  , 37, 785. 
 S. Miertus, E. Scrocco and J. Tomasi, Chem. Phys. , 55, 117. 
10 R. Cammi and J. Tomasi, J. Comput. Chem. , 16, . 
13
ht
tp
://
do
c.
re
ro
.c
h
11 B. Mennucci, E. Cancès and J. Tomasi, J. Phys. Chem. B  , 101, 10506. 
12 E. Cancès, B. Mennucci and J. Tomasi, J. Chem. Phys. , 107, 3032. 
 
14
ht
tp
://
do
c.
re
ro
.c
h
